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[Name of Oocument| Specification 



[TRIe of the Invention] COMPOSITE STRUOUTRE BODY AND METHOD AND 
APPARATUS FOR MANUFACTURiNG THEREOF 



[What is claimed is:] 



1 . A stmcture body in which the crystals of such brittfe matenais as ceramics^ metaiioicfs, and the 
like, and the crystals and/or the microstructures of the brittle materials other than said brittfe 
matenais are dispersed, characterized in that: the portion composed of the crystals of said brittfe 
materials is Ipofycrystaliine; the polycrystaliine portion substantiafiy facks the crystalline 
orientation; and substantially no boundary layer composed of a glassy substance Is present in 
the boundary face. 



2, A composite structure body In which on the surface of a substrate is formed the structure body 
In which the crystals of such brittle materials as ceramics, metalloids, and the like, and the 
crystais andfor the mjcrostructures of the brittle matenais other then said bnttle materials are 
dispersed, characterized in that: a part of said structure body becomes an anchor portion biting 
the substrate surface; the portion composed of the crystals of said brittle materiais is 
poiycrystalllne; the polycrystaSline portion substantially lacks the crystalline orientation; and 
substantiafiy no boundary fayer composed of a glassy substance is present in the boundary face. 



3. The compt>site structure body according to claim 2, characterized In that the crystals 
constituting said polycrystaliine portion is not accompanied by the thermal grain growth. 



4. The composite structure body according to claim 2. characterized in that in said polycrystaliine 
portion the average crystallite size is 500 nm or less and the denseness degree of the composite 
structure body is 70% or more. 



5, The composite stmcture body according to claim 2, characterized in that in said polycrystaillne 
portion the average crystaiiite size is 100 nni or less and the denseness degree of the composite 
structure body is 95% or more. 



6. The composite structure body according to claim 2, characterized in that in said poiycrystaifine 
portion the average cfystallJte size is 50 nm or iess and the denseness degree of the composite 
structure body is 99% or more. 



7, The composite structure body according to claim 2, characterized in that the crystals 
constituting said polycrystaliine portion are 2.0 or less in aspect ratio. 



8. The composite structure body according to claim 2, characterized in that the elements other 



than tlis main meta! eJement constituting the crystals are not segregated In the boundary face 
between the crystals constStuting said po!ycrysta!!lne portion. 



9. The composite s^ucture body acconding to claim 2, diaracterized in that there Is 
nonstQjctiiomeirlc defJdent portion in the vicinity of the boyndary face between the crystals 
constitiiting said s^cture body. 

10. The composite struchjre body according to claim 9, characterized In that at feast one type of 
said crystals Is of the mala! oxide, and said nonstoichiometric deficient portion dfepiays the 
nonstoiohjometfic charactenstjc on the basis of the oxygen deficiency In said metej oxtde, 

11. The composite structure body accordmg to any of daims 2 to 10, charaetenzed in that said 
substrate is glass, a metal, a metaiioid, a metalloid, a ceramic, or an organic compound. 

12. A method for manufacturing a composite structure body, charactenzed in that by bombardSng 
tfie fine particles of mow than one types of bnttfe materials separately or simultaneousiy against 
the surface of a substrate with high velocities, the anchor portion b^ing said substrate surface Is 
fermed; the flm pajtides of said mere tf^an one types of brittle materials are slmuitaneousfy 
distorted or f ractured by the bombardment impact; the mutual rejoining of the brittle material fine 
partcles Is made through the Intermediary of the newiy generated active surface formed by the 
distortion or ; frac^re; and there is formed the structure in which the crystals and/or 
microstructures of the more than one types of brittle materials are dispersed above said anchor 
portion, 

13. A method fer manulBcluring a composite structure body, characterized In that: composite fine 
partbles are formed by way of the process m which the surface of the line particles of the brittle 
materials is coated with another bottle matenal; then by bombarding said composite fine particles 
against the surface of a substrate at a high velocity, the anchor portion biting said substrate 
surface is fernr^ed; said composie fine partictes are simultaneously distorted and S'actured by the 
bombardment impact; the mutual rejoining of said composite fine particles is made through the 
interrnediary of the newly generated active surface formed by tfie distortion or fracture; and there 
is formed the structure body in which the crystals and/or microstructures of the more than one 
types of brittle materials are dispersed above said anchor portion. 

14. A method for manufactunng a composite stfucture body, characterized in that the fine 
particles of more than one types of brittle matenafs are arranged on the surface of a substrate; 
mechanical impact is exerted to the brittle matsenal fine particles to form the anchor portion biting 

said substrate surface; simuitaneousiy said brMe material fine particles are deformed or 
fractijred by the mechanical Impact; the mutual rejoining of said fme particles is made through 
the intermediary of the newly generated active surface formed by the distortion or fracture; and 



there is formed the structure body composed of the staictures in which the crystafs and/or 
miaoslfuotures of the more than one types of brittie materials are dispersed above said anchor 
portion. 



15, A method for manufarfuring a composite structure body, characterized in that: composite fine 
particles are formed by way of the process in which the surface of the fine parfcles of the brittle 
materials is coated with another brittle material; then said composite fine particles are arranged 
on the surface of a sobstrate; the anchor portion biting said substrate surface is formed by 
exerting mechanical impact to the oomposfte fine particles; said composite fine particles are 
vSimultaneously deformed or fractured by the mechanscai impact: the mutual rejoining of said 
composite fine particles is made through the intemrjediary of the newly generated active surface 
formed by the distortion or fracture; and there Is formed the structure body composed of the 
s^uctures in which the crystais and/or miGrostructures of the brittle materiafs are dispersed 
above said anchor poftion. 



16, The method for manufacturing a composite structure body according to daims 12 to 15, 
characterized in that there is provided a process imparting the internal distortion to said brittie 
materia! fine particles or said composite fine partiotes, as the pre-processing of the process for 
fomf^lng said composite structure body. 



17. The method for manufacturing a composite structure body according to claims 12 to 15, 



characterized 



In that the manufacturing method is applied at room temperature, 



18. The method for manufacturing a composite structure body according to claims 12 to 15, 
charactenzed in that the stnjcture control is conducted by the heat processing at the 
temperatures not higher than the melting point of said composite structure body, after the 
formation of said composite structure body. 



19. I he metliod for manufacturing a composite structure body according to cialms 12 to 15, 



characterized 



in that the manufacturing method is appfled under a mduoBti pressure. 



20. The method for manufacturing a composite structure body according to claim 12 or 13, 
characterized i in ttsat ttie procedure for bombarding said brittle material fine particies or said 
composite fine particles against said substrate surface at a high veiocity is the spi^y of the 
aerosol, in which said fine particles are dispersed in a gas, against said substrate surface at a 
high veiodty. 

21. The method for manufacturing a composite structure body according to clBlm 12, 13 or 20, 
characterized m that the average particle size of said brittie material fine particles or said 
composite material fine particles is 0,1 to 5 ,mu.m, and the velocity of said brittle matariai fine 



particles or said composite matanai fine partictes Is 50 to 450 m/s in the bombardment against 
said substrate^ 

22, The method for manufacturing a composite structure body according to ciaim 12, 13 or 20, 
characterized \ in that the average particle size of said brittle material fine particles or said 
composite maiterial fine particles is 0.1 to 5 .mu,m, and the veiocity of said brittle material fine 
particles or ssid composite materia! fine particles is 150 to 400 m/s in the bombardment against 
said substrateL 

23, The method for manufacturmg a composite structure body according to claim 20, 
cliaracterfeed m that the elemental deficSent quantities in the compounds constituting the 
structure body composad of said brittle material 1s controiied by controlling the type of and/or 
partial pressures in said gas. 

24, The method for manufacturmg a composite structure body according to daim 20, 
characterized i in that the oxygen cor^centratioh in the structure body composed of said brittle 
material is oohtroifed by controlHhg the oxygen partial pressure in said gas, 

26, The method for manufacturing a composite structure body according to claim 20, 
characterized i in that oxygen deficiency iayer of said oxide is formed in the vicinity of the 
boundary face between the crystals of the structure body composed of said brittfe matenai by 
controlling said oxygen partial pressure in said gas using at feast one type of brittle materiai 
composed of $aid brittle material fine partiofes and materiai fine partjcles, 

26. The method for manufacturing a composite structure body according to claim 20, 
characteflzed in that the electric, mechan^cai chemical, optical and magnetic characteristics of 
said composite strycture body are controifed by controiling the type of and/or partial pressures in 
said gas. 

27. The method for manufacturing a composite structure body according to claim 20, 
characterized in that the electric, mechanicaL chemical, optical, and magnetic chai^cterlstfcs of 
said composite structure body are controiied by controtling the oxygen partial pressure in said 
gas. 

28. A composite structure body which is obtained through tfie following processes: by 
bombarding the fins partjoies of more than one types of brittle materiaJs separately or 
simultaneously against the surface of a substrate at high velocities, the anchor portion biting said 
substrate surface is fomned; the fine particfes of said more than one types of brittle materials are 
simultaneousfy distorted or frBctured by the bombardment impact; the mutual rejoining of the 
brittle maten^l fine particies is made through the intermediary of the newly generated active 



surface fofmed by the distortion or fracture; said anchor portion is formed to join; and there is 
formed the structure in which the crystals and/or microstructures of the brittle materiais are 
dispersed, and thus the composite structure body is obtained, 

29. A composite structure body which is obtained through the following processes: composite 
fine particles are formed by way of the process In which the surface of the fine particles of the 
bottle materials is coated with another brittte material; then by bombarding said composite fine 
particles against the surface of a substrate at high velodties, the anchor portion biting said 
substrate surface is formed; said composite fine particles are simiiltaneousiy distorted and 
fraGturad by the bombardment impact: the mutuai rejoining of said composite fine particles is 
made through the intermediary of the newiy generated active surface formed by the distortion or 
fracture; and there Is formed the structure body in which the crystals and/or microstructures of 
the more than; one types of briltie materials are dispersed above said anchor portton. 

30. A composite structure body which is obtained through «ie fbJIowing processes: the fine 
partrcies of more than one types of brittle materiais are anranged on the surface of a substrate; 
mechanical inlpact is exerted to the brittle materia! fine psrticies to form the anchor portion biting 
said substrate surface; simultaneousiy said brittle materia! fine particles are deformed or 
fractured by the mechanicai impact: the mutual rejoming of said fine particles is made through 
the intermediary of the newiy generated active surface formed by the distortion or fracture; and 
there is form0d the structure body composed of the structures in which the crystals and/or 
microstructures of the more than one types of brittle matenais are dispersed above said anchor 
portion. 

31 A composite structure body which is obtained through the following processes: composite 
fine particles are formed by way of the process in which the surface of the fine particles of the 
brittle materials te coated with another brittle material; then said composite fme particles are 
arranged on the surface of a substrate; the anchor portion biting said substrate surface is formed 
by exerting mechanical impact to the composite fine particles; said composite fine particles are 
Simultaneously deformed or fractured by the mechanical impact; the mutua! rejoining of said 
composite fine particles is made through the intermediary of the newiy generated active surface 
formed by the distortion or fracture; and there is formed the structure body composed of the 
structure in v^hich the crystals and/or microstructures of the brittle materiais are dispersed above 
said anchor portion. 

32. The composite structure body according to claims 28 to 31 v^^hich is formed through providing 
a process Srnparting the internal distortion to said brittle material fine particles, as the 
pre-processing of the process for forming said structure body. 



33, The compiosite structure body according to daims 28 to 31. characterized In that said brittle 



material fine partides are 0.1 to 5 .mu.m m average particte size. 



34. The composite s^^uclure body according to claims 28 to 31 ^ charactenzed in that said 
composite structure body is manufactured at room temperature. 



35. The composite sft'uctura body according to cfaims 28 to 31, characterized In that ^e 
structure control is conducted by the heat processing at the temperatures not higher than the 
melting poir>t of said composSte structure body, after the fonnation of said composite structure 



body 



36. The composite structure body according to claims 28 to 31, characterized in that 
composite structure body Is manufactured under a reduced pressure. 



37. The composite structure body accoaiing to claim 28 or 29, charactenzed in that the 
procedure for; bombarding fine particles against said substrate surface at a high vafocity is the 
spray of the aerosol^ In whlc^ said fine partioles are dispersed In a gas, against said substrate at 
a high veiocity. 



38, The composite structure body according to claim 37, characterised in that the composite 
structure body i3 obtained by controiiing the eiementa! deficient quantities in the compounds 
constituting tHe structure body composed of said brittle material through controiiing the type of 
and/or partial pressures In said gas. 



39, The composite structure body according to claim 37, characterized in it\Bt the composite 
structure body obtained by controllmg the oxygen concentration in the structure body 
composed of said bnitie material through controiiing the oxygen partial pressure m said gaSs 



40. The composite structure body according to claim 37, charactenzed in that the composite 
structure body is obtained by forming a oxygen deficient iayer of said oxides in the vicinity of the 
botjndary face between the crystais of the stmcture body composed of brittle matsriat through 
controlling the oxygen partial pressure in said gas using at least one type of o3ddes composed of 
said britHe material fine paiticles or said composite fine particleSv 



41. The com|3osite structure body according to cfaim 37, characterized in that the composite 
Structure body is obtained by controiiing the elecfric, mechanical, chemical, opticai, and magnetic 
characteristics of said composite structure body through controlling the type of and/or partial 
pressures in said gas. 



42, The composite structure body according to claim 37, characterized in that the composite 
stocture body m obtained by controlling the eiectriCj mectianicai, ciiemicai, opticaij and magnetic 



m I 



characteilstM of said composite stmctum body ti^rough controSiog If^e oxygen partial pressure 



43. An apparatus for msnufaoturiing a compo^te struotum body in which te manufactur6<l a 
structure body in which by bombardrng or spraying the aerosol generated through dispersing the 
fine particles of more than erne types of britlte materials in a gas against a substrate at a high 
veiodty. Sie o^state and/or micK^structures of said brittle matenals ara dispersed, diaractenzed 
in that: the apparatus comprises one or more aerosol generators for generating said aerosol^ one 
or more nozzles for spraying the aerosol and one or more classifiers for classifying the brittle 
fnaterial fine particles m the aerosol. 

44. An apparatus for manufactunng a composite structure body in which is manufactured a 
stnjcture body in which by bombarding or spraying the aerosol generated through dispersing the 
fine parlicSes of mora than one types of bntile materlais in a gas against a substrate at a high 
velocity, the crystals and/or micfostructures of said bnttle materials are dispersed^ oharaotenzed 
m that the apparatus comprises one or more aerosol generators for generating said aerosol, one 
or more nozzles for spraying the aerosoi, and one or more disintegrating machmes for 
disintegrating the agglomeration of the brittle materia} fine particles In the aerosol. 



45. An apparatus for manulaotuiing a composite staicture body in which is manufectt^red a 
structure body in wliiioh tsy bomtJ^ardlng or spraying the aerosof genemted through dispersing the 
fine particfes of more than one types of brittle materials in a gas against a substrate at a high 
veiodty, the crysMs and/or mic^ostructures of said brittfe materials are dispersed, characterized 
in that the apparatus comprises one or mora aerosol generators for gBnemtlng said aerosol, one 
or more nosizies for spraying the aerosol one or more disintegrating machines for disintegrating 
the agglomeration of the brMe materlBl Mne particles m the aerosol, and one or more ciassiHers 



for classifying 



the brittle material fme particles in the aerosol 



46. An apparatus for manufecturing a composite structure body in which is manufactured a 
structure body in which the crystals and/or microstructures of ^e bnttle mateniais are dispersed, 
by bombafding or spraying against a substrate at a high velocity the aerosol generated through 
dispersing In a gas tfie composite fine particles formed by coating the surface of the fine partlcies 
i materials with a brittle materiai other than said brittle material fine particles, 
in that the apparatus comprises a coating unit which forms said composite fine 
particles by coating the surface of said brittle material fine particies with one or mons brittfe 
materials otfter than said brittle material fine particies, an aerosol generator for generating said 
aerosol, and a no^zie for sj^aying said aerosol. 



of the britSe 



47. The apparatus for manu^cturing a composite structure body according to claim 46, 
characteri;sed m thM the apparatus comprises, between said aerosol generator and said nozzle, 



a disintegrating madhtoe for disjntegming the aggbmaratlon of said composite fine partscfes in 
said aerosol ^h&or a otassifter for oiassffying said composite fine parSoies in mid aerosol 

4S. The a|:^aiatus for martufecturing a oomposita sinictum body according to cJaims 43 to 47, 
charactenzed iin that the apparatus comprises a dlstortjon imparting unit which impresses the 
mternal distortion to said brittle mater?ai fim parfcfes or said composite fins particles. 



[Detaited Oescriptbn of the Invention] 
pechnical Field of the lnven^on| 



The present invention relates to a structure body composed of more than one types of brittle 
matariais sucii as ceramics and metaiioids, a composite strycture foody formed on a substrate 
from the structure body, and a method and an apparatus for manufacturing thereof. 



The structure; body and composite structure body invoived in the present invention can be 
applied to, foriexampie, a nanocomposite magnet a magnetic refngerator eiement, an abrasion 
rasjstant surface coat, a higher-order structure piezoetectric etement composed of a mixture of 
pfezoelectric materials different In frequency response property, a heating etement, a 
higher-order structure dielectric displaySng the charactBfistlcs over a wide range of temperature, 
a photocataly^t mater^a^ and the ^nduct^on material thereof, a functbna^ surface coat composed 
of a mixture of materials having such properties as the water holding property, hydrophilicity, and 
water repallency, a minute machine part, an abrasion resistant coat for a magnetic head, an 
eleetrmtatlo chuck/ a sliding membar materia!, an abrasion resistant coat of a die and mending 
the abraded and chipped parts thereof, an insufa^ng coat of an electrostatic mptor^ an artificial 
bone, an artliola! dental root, a condenser, an electronic circuit pstty an oxygen sensor, an 
oxygen pump;, a sliding pmri of a valve, a distortion gauge, a pressure-sensftive sensor, a 
piezoelectric 4ctuator, a piezoelectric transformer, a piezoatectnc buzzer, a piezoeiectnc filter an 
optical shutteh an automobite i<:nock sensor, a supemonic sensor, an infrared sensor» an 
antivibration plate, a cutting machining toot e surface coat of a copying machine drum, a 
poJycrystal^ine solar oefl, a dye sensftization type solar call a surface coat of a kltohen knife or a 
knife, the bail of a ball point pen, a temperature sensor, the in suction coat of a display, a 
superconductor thin film, a Josephson element, a super plastic structure body, a ceramic heating 
etement, a rrjicrowave dtelectnc, a water-rapellent coat, an antireHectlon fElm, a heat ray 
reflecting fiim, a UV absorbing fiim, an inter-metal dielectnc layer (MQ), a shallow trench 
isolation iSTi% and the like. 



packground Art and the Disadvantages] 



Among the so-called composite maieriais, those oomposte materials which are composed of 
such brfttie ni(atenals as ceramics and the iike have been developed as struclufai materiafs or 
functional maleriafs, and encompass conventional rather macroscopic matertais with particies, 
fibers, and the iike dispersed in the matrices thereof and recent composite mesoscopic materials 
and nanocorhposlte materials designed for the composite fomnation on the crystal level, the 
recent onesi being hlghyghted. The nanocomposite matsriais include the intra-crystal 
nanocomposfte type m which nanosize crystafs of other materiafs are introduced either Into the 
grain or into the grain boundary, and the nano-nanocomposite type In which 



interior of a 



nanosize ctystah of different materfals are mixed. Some nanocomposite materials are expected 



to dispfay hithferto unknown characteristics, and related research papers have been pubfehed. 



in NEW CERAMICS (1997: Ho. 2), there m found a description that a raw matenal Is produced in 
which the ultra-fine particles made of zirconia surround the particles of an alumina raw powder, 
and the raw mater iaf thus produced is sintered to yield a nanocompositev 



in New Cerarmics (in Japanese) {1998, Voi, 11, No, 5), there is found a description that a 
composite powder is produced by depositing Ag partloies or Pi partidOvS on the surface of a PIT 

raw powder in such a way that the suffaca of ceramic fine pafticies undefgaes a chemical 
process such as the electroiess pSatmg method, and the composite powder thus obtained is 
sintered to yieid a nanocomposite. 



Additionally, m New Ceramics (in Japanese) {1998, Vol 11, Ho, 5)> them is found a des^criptbn 
that as the materials for use in preparing nanocomposites, there can be cited Al.sub.20.sub,3/Ni, 
Alsub,20.sub.3/Co. Ztsub.20/Nl> Ztsufo.20/SiC, BaTi0.sub.3/SiG, BaTiO.sub.SNi, ZnO/NiO, 
FZT/Ag, and tlie like, and the sintering of these materials gives nanocomposites. 



The nanocomposites discfosed in these astlcles are ali obtained by sintering, which induces the 
grain growth so that the grain size tends to become coarse and iarge, and accordingly there 
occurs such p iimfetion that the sintering does not lead to oxidation: addffionaliy, there is 
invoived the ^heafing process, which does not permit the direct coating of nanocomposite 
materiaSs onto fow-melting point materials. The segregation layer is formed frequentiy in the 
grain boundary, and hence there Is found a degradation of the freedom in the sense that the 
crystal particle size controS becomes impractical leading to coarse and large particles in &*ie case 
where there is large difference in mixing ratio of different powders. 



On the contrary to the above described nanocomposites which are obtamed by ssntering, In 
Materials Integration (2000, Vol 13, No. 4), there is found a description that a variety of 
Cr/CrO>sub,xinanocomp0site thin films can be obtained by the reactive low-voitage magnetron 
sputtering method with a Cr target under the condition that the O.sub.2 partial pressure is varied. 
According to this method, however, it is impossible to conduct the nanosfze crystei deposition of 
mixed fine particles of different types in the form of dispersed partioias instead of in the form of 
iaminated layiers. 



On the other! ^bM, as the recent novel methods of coating fiim formation, there have been 
know^ the g^s deposition method (Seiichirou Kashu, Kinzoku (Metals, m Japanese), January, 
1989) and the electrostatic fine particle coating method (Ikavva et al, Prepnnt (m Japanese) for 
the Science Lecture yeeting, Autumn Convention, Precision Machine Society Showa 52 (1977)). 
The fundamental principle of the former method is as follows: the fine particles of metals, 
ceramicSj and the like are converted into aerosols by gas agitationj and acceiefated through a 



flm mzz\B sc( that a part of kinetic energy is oonverfed into heat when cofliding with the 
substfat?^, whl^h leads to the sin taring found either among the particles or between the substrate 
and paftides, The fundamen^f principie of the latter method is as follows: the fine particles are 
charged, accelerated in a gradient of eiectric field, and the subsequent sintering involves the use 
of tJie fieat generated in bombardment in a similar manner to that in the former method. 

In this connec^lion, as the precedJfig tedntniquas In which the above descried gas deposition 
method is appired to mixed fine particles of different types, there have been known the 
techniques diseased in Japanese Patent Pubiication Ho. 3-14S12 (Japanese Patent Lald^Open 
No, §9-80361;). Japanese Patent laM-Open Ho. 59-87077, JapmesB Patent Publication No. 
64-11328 (Japanese Patent Laid-Open No. 81-209032)^ and Japanese Patent Laid-Opan No. 
6-116743, 

in the contents proposed in the above Japanese Patent Pubiications, the different types of fine 
particles are leased on such metals (ductile materials) as Ag, Hi, Fe and the Hk^; namely, no 
specific suggestions are found therein with respect to the fomnation of the composites of different 
more than one types of ceramics (brittle materials). 

Additionally. Ihe techniques described above take as their fundamental principle the film 
formation composed of mixed fine particles through meiting or partially meitihg the raw material 
uitra-ftne particles, but without using adhesive agents, so that there are involved such auxiliary 
heating devices as an infrared heating device and the like. 

On the other hand, no nanocomposita was cited therein, but the present inventors proposed a 
method for producing the ftims of ultra-tine particies, excluding heatmg with heating measures, in 
Japanese Patent Laid-Open No. 2000-212766. in the technique disdosed in this Japanese 
Patent Laid-Gpen No. 2000-212766, a structure body is formed through promoting the mutual 
bonding of the y itra-fine particles m such a way that the uitra-flne partides of 10 nm to 5 .mu.m in 
particle size^re irradiated with an ion beam, an atomic beam, a mofecular beam, a 
low4emperatitre plasma, or the like, in order to activate the uJtra-fine particles without melting 
thereof and blow them onto a substrate at a rate of 3 m/sec to 300 m/sec. 



The at50ve described p^ior arts can be summarized as follows: the prior composites refenred to 
as nanocomposites are obtained by sintering almost without exception, and the sintering is 
mevitably accompanied by the crystal grain growti, leading to the fargef average grain size of the 
composites m compared to that of the raw materia! fine particies, and hence Inducing the 
diffjcuity in obtaining such composites as excellent in strength and denseness; in this connection, 
a proposal has been made for suppressing the crystal grain growth, but the fact is that there fs 
found some iimftation to the types of raw materials to which the proposai is appiicables 



Furthermora» bven a method of coating fiim formafon with fine particfes involving no sintering 
needs some kind of surface activation procedure, almost no considerations are gjven to the 
ceramics, and exactly no reference is made to the nanocomposites composed of more than one 
types of brittle materials such as ceramics and the iike. 



[Means for Sqfving the Disadvantages] 



The present 



inventors have been engaged in the subsequent check and confirmation 



investigation bn the technique disclosed in Japanese Patent Laid-Open No. 2000-212766. 
Consequentfyi the present inventors have been successful in raveaiing that there is definite 
difference in behavior between metals (ductile materials) and brittle materials Inciuding ceramics 
and metalloids. 



More specifically, as for the brittle materials, the structure bodies were able to be formed without 
using the irradiation of the Ion beam, atomic beam, molecular beam, low4emperatura plasma, or 
the like, namely, without using any particular activation procedure, although there was stii! a 
problem that the structure bodies were unsatisfactory in the peel strength or partially tended to 
be peeled off [or the density is not uniform, v^en there were implemented just the fine particle 
size of 10 nmlto 5 .mu.m and bombardment velocity of 3 m/sec to 300 m/sec as specified m the 
conditions de$cribed in the above mentioned patent laid-open. 



On the basis of the above described considerations, the present inventors reached the following 
conclusions. 

The ceramics take the atomic bonding condition that «ie free electrons are scarcely found and 
the covaient bonding or the ionic bonding is predominant. Thus, they are hard but bottle. The 
mataiiolds subh as silicon, germanium and the like are also bnttle materials without ductility. 
Accordingly when mechanical impact is exerted to the brittle materials, for example^ the crystal 
lattice dislocation occurs along such a cleavage plane as the boundary face of the crystallites, or 
the fracture occurs. Once these phenomena have occurred, there are found such atoms as 
exposed on the disiocation plane and the fracture plane, although these atoms have been 
originally located in the mterior where they have been bonded to other atoms; namely, a new 
surface is thus formed. The atomic single layer part on the new surface is forced by the external 
force to make transition to the exposed and Unstable surface state from the originally stable 
atomic bondidtg state, giving me to, in other words, a high surface energy stata This ac^vated 
surface is bor^ded to the adjacent surface of the bnttle material as well as another adjacent new 
surface of thd brittle material or the adjacent substrate surface, thus being converted to a stable 
state, Exertioh of continuous, external mechanical impact makes this phenomenon to occur 
continuously, land the accompanying repeated distortion and fracture of the fine particles lead to 



the joining development, densifying the thereby formed structure body. Thus, the structure 
bodies of the li^nttfe materiais are formed. 



The present inventton has been perfected on the basis of the idea that since as described above 



the formation 



iof new surfaces in the brittle materiais makes it possible to form the structure 



bodfes, a bnttb maierlaj can be taken as a combination of a constituent materia! and a binder, 



and hence a 

matarials, the 
charactenstic^. 



composite structuns body can be formed wfth more than one types of brittle 
composite structure body thus formed being expected to have hitherto unknown 



The microscopic structure of the composite structure bodies involved m the present invention 
formed on the basis of the above descnbed knowledge is obviousSy dlffefent from that of the 
structure bod^#s obtained by the conve^t^ona^ production methods. 



More specifically, in the constitution of the structure bodies involved in the present Invention, 
there are djsp^rsad the crystals of the brittle materials siich as ceramics^ metaJloids, and the Nke, 
and the cryst^fe Bndfor mtcrostructures (the amorphous grain ascribabte to the structure of the 
raw materia! fine particles or the f!a!<e structures deflniteiy different from segregation Jayers) of 
the bdttie malerials other ^an the brit^ materials; and the pori:ion composed of the brittie 
material crystals (the portions other than the miorostructures) is polycrystaiiine, whife the crystals 
constituting tHe poiycrystaliine portions substantiaMy lack the crystaiiine orientations, and the 
boundary fac^ between 8^e crystals substanfiaSly has no boundary layers composed of glassy 
substances. 

Additionally, a composite structure body is formed through formation of the above described 
stmcture body on a substrate surface, and In this case a portion of the structure body becomes 
Sie anchor portion biting the substrate surface. 



Here are expfeined the technicaf terms important for the purpose of understanding the present 
invention as feifovvs. 

{Polycrysta!) 

in the presenf specification^ mis term means a sfructure body which Is formed through ftie Joining 
and aggiomer|ation of crystallftes, A crystallite alone substantially constitutes a crystaf, the size of 
which is 5 rim or more. However, there rarely occur the case in which fine particles are 
without ur^dergoing ff^cture, into tl-?e structure body, and the fika cases; 
the structure bodies in these cases substantiaiiy can be regarded as 



jncorporatedc 
neverthetess, 
poiycrystaliine. 



(CrystalHna Orientation) 



In the present Ispecffication, this term means the orientation of the crystal axes in a polycrystaifine 
structure body, and the estimation as to whether the orientation is present or absent is made by 
reference to the JCPDS (ASTM) data which was prepared as the standard data by the powder 
X-ray analysis and the fike of the powders that were regarded as substantially facking the 
onentation. 

In the present specification, the substantia! absence of the orientation refers to the following 
condition: when the 100% fntensfties are aifotted to the respective intensities of the main three 
diffraction peaks in the above reference data that cite the material constituting the brittle matenai 
crystals In the structure body, and the intensity of the strongest main peak in the same brittie 
materiai in the structure body is taken to be the same as that of the corresponding reference 
intensity, the intensities of the other two peaks fail within 30% in deviation as connpared to the 
corresponding reference data intensities. 



(Boundary Face) 

In the present specification, this term means the regions which constitute the mutual boundanes 
between the drystaliites. 



{Boundary Layer) 

This term means the layer having a certain tfiicknass (usuaily, a few nm to a few .mu,m) which is 
situated in the boundary face or in the grain boundary as referred to for the sintered body; this 
layer usually takes an amorphous structure different from the crystai structure found in a crystal 
particle, and is in some cases accompanied by the impurity segregation. 



(Anchor Portion) 



In the present specification, this term means the irreguiarities formed on the interface between 
the substrate land the structure body; in particular, this term means the irregularities formed by 
varying in the structure body formation the surface precision of the original substrate, but does 
not mean the ^irregularities formed on the substrate in advance of the structure body formation. 



(Average Crystailite Size) 



This term means the crystallite size which is caicuiated by the Scherrer method in the X-ray 
diffraction method, and is measured and calculated by means ol for example, an 
apparatus manufactured by MacScience Co. 



(Monstolchiomelnc deficient portion) 



This term means the deviation In this composition ratio caused by the defictency of one or plural 
types of elenients against the compound of crystal constituting the structure body. For example, 
the existence of the nonstolchbmetnc deficient portion can be found by using the substftute 
charactenstic ^uoh as the alectfic rasfstance ratio. 

(fnt€irf>a! Dlstbrtfon) 

This term means the lattice distortion found in the fine particles which is caicuiated by the Hal! 
method in the; X-ray diffractomstry, and is represented in percentages as the deviation found by 
reference to tie standard materia! prepared by fui! annealing of flr^e partides. 

(Re-aggiomeration) 



This term means the surface layers formed by stteking/bonding of the fractured/omitted minute 
fragment {not alway s Identity) of the primary particies of fine partioies while the fracturing with the 
prlmMy particjes. 

As for the coihventlonai nanocomposites formed by sintering, the crystals are accompanied by 
the thermal gjrain growth, and glassy layers are formed as boundary layers partfoularly In the 
case where sihtering aids are used. 

On the other :hand, In the structure bodies involved in the present invention, the distortion or 
fracture goes; with the forlHle material fine partictes among the raw materia! fine particfes, and 
accordingly the constituent grain of the structure bodies are smaller than tiie raw material fjne 
partjctes. With the average fine particle size of, for example, 0/1 to 5 .niu.m as measured by the 
laser diffraction method or the laser scattering method, the average crystaila size of a fom^ed 
stri,fcture body ^equentiy becomes 100 nm or less, and the polycrystals composed of such fine 
cry>3talljtes are contained In the structures of the structure body. Consequently, there can be 
fbmied the dense structure body that is 600 nm or iess In the average crystaliite size and 99% or 
more In the df nseness degree, 100 nm or iess in the average crystallite size and 95% or more tn 
the densene^s degree, or 50 nm or less In the average crystallite size and 70% or more in the 



Here, the den^eness degree {%) is calculated by the formula, the bulk specific gravity, divihe true 
specific gravity,times.10Q{%), where the true specific gravity is based on the literature value or 
theoretical calculated value and the buli< specific gravity is obtained from the weight and volume 
vaiues of the structure body. 



AdditionaHy, tM structure bodies involved in 8ie present invention are cfiaracterlzed in that: the 
structure bodies are accompamed by tie distortion or fracture induced by such mechanical 
impact as bombardment and the Wke so that the crystal shapes fiat or thin and long are difficult to 
exist, and the; formz of the invoived crystallites can be r^ardeii as nearly partide-iSke and the 
aspect ratio Hearty amounts to 2,0 or iess; and addltionaliy, the structure Is ascnbable to the 
fajoining fraction of the fractured fragment particias, and accordingly tack the crystal orientation 
and are almost dense, so that the strudture bodies are excellent In such mechanical and 
chemicai propierties as hardness, abrasion resis^nce, con-oslon resistance, and the like. 

Additionally, in the present inventbn, St takes a very short time to cover from the fracturing and to 
the rejoining of the br^ttte matenal fine particles, so thai at the time of Jojnmg the atomic diffusion 
hardly occursi in the vicjn% of the surface of the fine fragment particles. Accordingly, the atomic 
disposition in| the boundary face between the crystallites of the structure body is free from 
disturbance, and the boundary iayers (glassy layers), namely, the molten layers, are hardly 
formed> or ar# 1 nm or fess even if formed. Thus, the structure bodies display the charactefistic 
excelfent in such ehemicaf properties as the corrosion resistance and the like. 

Additionally; the structure bodies involved in the present invsntjon include those structure bodies 
which have the nonstoic^iometnc deficient portion, (for exampte, deficient In oxygen) in the 
vicinity of th^ boundary face constituting the struckjra body. As a nonstolchrometric deficient 
portion, here iean be cited the portion ascribabie to the oxygen deficiency in the meta! oxide 
which oonstitiites a composite structure body. 

Additionally, as the substrates on the surfaces of which the structure bodies mvolved m the 
present invention are formed, there can be cited glass, metals, ceramScs, metaitojds, or organic 
compounds; and as the brMe materials, there can be cited the oxides inciudinq aluminum oxide, 
titanium oxide^ zinc oxide, tin oxide, iron oxide, zirconium oxide, yttrium oxide, chromium oxide, 
hafnium oxidf , beryllium oxide, magnesium oxide, silicon oxide, and the like; diamond and the 
carbides including boron carbide, silicon carbide, titanium carbide, zirconium carbide, vanadium 
carbide, niobium carbide, chromium carbide, tungsten carbide, mofybdenum carbide, tanteium 
carbide, and tie iike; the nitndes including boron nitnde, titanium nitride, aluminum nitride, siiicon 
mthde, niobium nitride, tantaium nitride, and the fike; boron and It^e borides Including aluminum 
borlde, silicoh bonde, titanium boride, zirconium boride, vanadium boride, niobium boride, 
tantaium boribe, chromium boride, molybdenum boride, tungsten boride, and the like; or the 
mixtures and the muitlcomponent-system solid solutions of these substancas; the 
piezoefectric/i>yroelectnc ceramics inciudlng barium tftanate, lead litanate. flthium tfenate, 
strontium titanate, aluminum titanate, PZT] PLZi; and the iike; the tough ceramics including 
sialon, cermet, and the like; the biocompatible ceramics inciudlng hydroxy apatite, calcium 
phosphate, apd the like; silicon, germanium> and the metalloid substances composed of siiicon 



or germanlun^ doped with various dopants incfuding phosphorus and the like; and the 
semiconductidg compounds IndtK^Ing gallium arsanide, mdium arsensde, cadmium arsenide, and 
the lika FurtHermore, m addition to these morganic materiais, there can be cited the brittle 
organic materfais including hard vinyl chloride, pofycarbonate, acryS, and the liice* 

Additiona!iy> the thickness of the structure body In the present invention (exclusive of the 
substrBte thicilness) can be made to be 50 .mu.m or more. The surface of the above menSoned 
Mructure bodj^ is not flat and smooth microscopically. The tet and smooth surface f$ required, 
when an abrailon-resistant sliding member is produced, for example, by coating the surface of a 
piece of metal with a highly hard composite structure body {a nanocomposSte), and aocordinsly 
surface grinding or polishing is necessary in a later process. In such application, it is desirable 
that the deposition height of the composite structure body is made to be of the order of 50 .mu.m 
or more. When surface grinding m conducted, it is desirable W\Bt the deposition height is 
SO jnu.m or more foaoausa of the mechanioa! restriction Imposed on the grinding machine; in this 
case, the grinding of several tens of micrometers is carded out so that the surface of 50 .mum 
or less comes; to form a fiat and smooth thin film. 

AdditionaHy, in some cases, it is desirable that the thickness of the structure body is 500 .mu,m 
or more. The; present invention takes as an object not only the produ^^tion of the composite 
structure i^od^ fjim which is fomned on a substrate made of a metaffic materia! or the iike and has 
the functions! high hardness, abrasion resistance, heat resistance, corrosion 

resistance, chemical resistance^ electric Insulation and the like, but a!so the production of the 
composite structure body which can be used alone. Although the mechaoicai strengths of the 
ceramic materials are diverse, a structure body of 600 .mu.m or more in thickness can give the 
strength sufficient for appilcation to, for example, the ceramic substrates and the like, as far as 
the qualities of the matenafs are properly chosen. 

For example, lit is possible to produce a mechanicai component made of a composite materia! at 
room temperature In the following way: the composite material ultfa-fine particles are deposited 
on the suffac^ of a sheet of metaf foil placed on the substra^ holder to form a dense structure 
body which m 500 .mu.m or more in thickness ail over the structure foody or partially, and 
subsequently ithe metal foil part is removed or some other liSce process is performed. 

On the other |and, the method for manufacturing the composite structure body in ttie appiication 
concerned fdirms the structure body composed of the structures in which the cr^stais and/or 
mterostruotur^s of the brittle ma^fiai are dispersed^ In the following mannen the fine particles of 
more than onb types of the brMe materials are simuilaneousfy or separately bombarxied against 
tlie substrate ^surface at high veiocities: the brittle materiai fine particles are distorted or fractured 
by the bombardment impact; the mutuai rejoining of the fine particles is made through the 
intermediary pf the newly generated active sujface formed by the distortion or fracture, and 



fojtherniore thi@ anchor portion biting the substrata surface is formed to Join with tfie substrate. 



As the procedures m which the fine particies of more than Of>e types of britOa materials are 
borT?barcie<i atjb^h wlocfttes, tliare can be cMad the earner gas method , the method acceterating 
the fine parScjes by use of the electrostatic force, the thermal spraying method, the cluster ion 
beam methods the cold spray method, and the like. Among these methods, the carrier gas 
ma^od Is convantionally referred to as IhB gas depossSon method* and is a method for fomntlng a 
structure bodj^ in whidi the aerosol containmg the fine particles of metals, metailoids, or ceramics 
Is blown off from a nozzle and is sprayed at a high spaed onto the substrats to deposit the fine 
partictes on the substrata, and there is thereby formed a deposition layer of the green compacts 
having the same composition as that of the fine particles and the like layers. Here, among these 
methods, in partjcufar; the method for forming stmcture bodies directly on t^ie substrate will be 
referred to as the uitra-ine particles beam deposition method; in the present specifjcatbn, the 
manufactunng method Involved in the present invention will be referred to as this name in what 



the aermol of the materJai fine parfetes Is bombarded by use of the uftra-fine particles 
beam deposition method, the mixed powder aerosol rriay foe pnepared iseforehand, or the 
aerosois of tfie individual materiafs may be generated and bombarded either rndependentJy or 
sjmultansousiy while varying the mixing ratio of the aerosol The last case Is prefeiBbie in the 
sense that a structure body having a decitned composition can be easify formed. 



The method for manufacturing the composite structure bodies Invoived in another embodiment 
of the presefk mvent^on mciudes the method in which the composite fine particles are fermed 
through the process of coating the surface of the brittie material fine particles with another brittle 



matenai, andi 



subsequently the composite fine particies are bombarded against a substrate 



surface at a high velocity. 

As the method for coating the surface of the fine particies with another brittle material, ^e 
procedure mimicking the PVD, CVD, or mecha^^Gal alloying method may be adopted, or it may 
be sufficient that ultra-fine particles further smalier in par^fe size are on^y made to adhere by 
kneading or t|ie iike onto the surface of the fine particles. 

The method; for manufactunng the composite structure bodies involved in yet another 
embodiment the present Inven^on forms a sfei^ctum body compfteing the structure in which 
bnttie materiM crystais and/or microstructures are dispensed on the anchor portion in the 

fof^owlng manner the fine pafticles of more than one types of bnttie matedals are arranged on 
the substrate surface; a mechanica! impaci: is exerted to the brittle matehai fine particies, and the 
brittie materSai fine particies are deformed or fractured by the impact; the mutual rBjoining of the 



fine particies 



is made through the intermediary of the active surface newly generated by the 



distoftion or fracture, and furtharmm-e the anchor portion partially biting the substrate surface is 
formed In ijoundary portion between tts substrate and/or the brittle material fine partjcies to 
Join with the sbbstrate; and there is thus forrned the structure body in which the brittie material 
cry^tafs and/or miorostructures are dispersed on the anchor portion. 



in this case, simliafly to the above descnbecJ <^se* there may be used the composite fme 
partioies whicl^ are formed fey coating the surface of the l^rigie mat^iai fine psrScles wth another 
britite materiai 



As descnbe<l \ above, the present Invention has paid attention to the active surface newly 
generated by the distortion or fracture induced when the impact is exerted to the bnttle matena! 
fine partiofes. in this connection, if the Interna! distortjon of the brM^ mBteml fine particles is 
small, the br^ltSe material Me particfes are hardly distorted or fractured when bombarded; on the 
contrary If the interna! distortion of the brittle materiai fme par^cies is large, iarge crack is 
induced for csf^oeila^on of the fntemal dfetor^on, accdrdingly the bnttle matenal fine pa^icies 
undergo fracture/agglomeration before bombardment, and the bombardment of the 
agglomef alas; thus formed against tfie stibstrate hardly ieads to the formation of the newly 
generated soffaces Conseqtientliy, for the purpose of obtaining the composite stri^cture body 
involved in ihk present invention ^ the particle size and the bombardment velocity of the brittie 
materiaf fine parScies are of course important but it is even more important to provide the brittle 
materiai fine particies as the raw material with the intemai distortion failing wthin the prescribed 
range. The most preferabie interna! distortion is such a distortion as is increased up to the limit 
Immadiateiy beyond which the crack comes to he formed, but such fine particles with some crack 
formed but wSfh some remaining interna! distoilion can be satisfactorily used. 



In the method for manufactunng the composite stmcture body involved in the present invention 
(the ultra-fine partJcles beam deposition method), it is preferable to use the forittle matena! fine 
particies which have the average particle size ranging from 0,1 to 5 ,mu,m and the large internal 
distortion forsi^ed beforehand. The velocity of the above p^rtloies fails within the rBnge preferabiy 
fron^j SO to 450 m/s, more preferably from 150 to 400 m/s. These conditions are intimatefy related 
to whether the ne%vly generated surface Is formed when the particles are bombarded against the 
substrate an4 in other iike oases; the particle size smaiier than 0.1 .mu.m is loo smal! and hardiy 
induces the Ir^ture or distortion. When the average particle size exceeds S .mu,m, the fracture 
occurs partially, but substantiaily there comes to operate the film abrasion effect aschbabie to 
etching, and i Ss sometimes the case that the process goes no further than the deposition of the 
green compa|cts made of the fine partteies without causing fracture. Similarly when a struotui^ 
body is fomied with ih'm average particle size, there has been observed the phenomenon in 
which the green compacts are mixed in the structure body at the particle velocity of SO m/s or 
less, and it has been found that at the particle veiocity of 460 m/s or more> the etching effect 
becomes sppreciabie and the staicture body formation efficiency becomes degraded. 



One of the characteristics of ttie melfiod of manufactunng the composite stnjoture body invoh^ed 
m the present invenlfon consists in that the manufecturing can be conducted at room 
tBrnperafejre or at reiatlvoly low temperBtures, wNch permSs the choice of mch km-meMng point 
materiais as resins as 8ie subs^ate. 

However^ a heating process mBy he added to the method of the present invention. The fermatton 
of the structum body of the present invention is characlenzed in that in the structure body 
formal on, the?^ hardly occurs the heat generallon at the tirrje of the distortton/fracture formation 
of the fine particles, and nevertheless a dense structijre body Is fonned; the structure body can 
be formed satisfactorily m the environment of room tempemture. Accordingly although heat is 
not necessanly required to be involvs<i In the structure body formation, it is conceivable that the 
heating of the; substrate or the heating of the environment for forming the strycture body is 
conducted fori the purpose of drying the fine particles and removal of the surfiace adsorbates, 
heating for actfvatfon, aiding the anchor portion fonnatton> aBeviation of t^erma! stress between 
the sfe-iicture body and tie substrate In consideFatlon of the environment m which the structure 
body m used, t^moval of the substrate surface adsorbates, and improvement of the efficiency of 
the stRjcture 6ody formation. Even If this Is the case, it is not necessary to apply such a high 
temperature as inducing the melSng, sintering, or extreme softening of the fine particfes and 
syfa^trale. Additionally, it is aiaso possiMe to conduct the structure control of the crystal by the heat 
processing at ^he temperatures not higher than tie mefting point of the btMe materiai, after the 
formation of the structure body composed of the poiycrystalline brittle matenal. 

Additionally, it ;es preferabie to impfement under a reduced pressure the method of manufacturing 
the composite structure body involved in the present invention, in order to maintain to some 
extent of time the activ^iity of the newly generated surface fermed on the raw material fine 
paftides. 

Addtionaily when the method of manyfactuhng the composita struoture body involved in the 
present inveniicn fs embodied on the basis of the ultra-fine pasticies beam deposition method, it 
is possibie b control the electric charaoteristics, mechanicai characteristics, chemicai 
charactenstic$, optical chafacterlstics, and magnetic charact^s^s of tbe structure body by 
oontroiling th^ element deficient quantities m the compounds constituting the structure body 
composed of the brittle material and the oxygen concentration in the structure body, and forming 
the oxygen deficient layer in the vicinity of the boundary fece between the crystal grain when the 
metal oxide eicist In the strijcture body through controlling the type and/or partial pressure of the 
carrier gas such as oxygen. 



In other words, If such an oxide as aluminum oxide is used as the raw materia! fine particies in 
the ultra-fine particies beam deposition method, and ^^e structure body is formed by suppressing 



the partial pfe$sura of the oxygm used in this meli^od, It is conceivable that the oxygen escapes 
into the gas p!|ase from tie surface of the fine fragmert parttotes v4)en the fine partictes undergo 
fracture to ymU fine fragment particles, arid accordingfy the oxygen deficiency occur on the 
surface phasa Tliere occurs thereafter th« mutua! refoinlng of the fine fragrrjent partides, and 
consequenSy the axygan deficfemt layer is fomied m the vicinity of the boundary face between 
the crystal grab. Addilfenally, the element to be made deficient is not limited to oxygen, but may 
inctyde nitrogen, bcm^n, carbon, and the like; the deSciency of th€se elements is achieved by the 
nonequffibriunl stale partstion of the elemenM quantlttes between the gaseous and solid phases 
or fey the raadtton-lnduced eltamatlon of the efeme^its, through controliing the partM pressures 
of the particular types of gases. 



The uitra-ffne: partiGfes bearn deposition method which changes ^e type and the partial 
pressures of those gas contro! the volume Inherent resistance value of ceramic structure body, 
and hardnessi corrosjon resis^iice, transparency and ^e like. For exampfe, in case of alyminum 
o)dde, optfeaiiy ctoyded structure body is obtained when the psftlal pressure of oxygen is 
decreased, and transparent structure body Is obtained when the partial pressure of oxygen is 
in<^eased. 



Additionaiiy, the apparatus for manufacturing the composite staicture body Involved in the 
present mvention is characterized in that the apparatus comprises an aerosol generator for 
generating the aer oso! which is generated by dispersing the fine partides of more than one types 
of bflttSe mat4nals In the 3as^ a nozzle for spraying the aerosoi against Sie substrate, and a 
ciassifjer whidh ciassifies the brittle matenal fine parl^cles In the aerosol. 

Additionally, the apparatus for manufactunng the composite structure body Involved In the 
present invention is chafBcterizad in that the apparatus comprises a disintegrating machine 
whfch disintegrates the agglomera^on of the briti^e matenal §ne parties in the aerosol, instead 
of the ciassiSer or in combination with the classifiet 



Furthermore, ; the apparatus for manufactunng the composite structure body invoived in the 
another embodiment is characterized in that the apparatus comprises a coating unit which forms 
the composite fine particles by coating the surface of the brittle material fine particles with one or 
more types Of bri^ matenals different from the above described fine pafticles of the britSe 



materials, an 



iaeroeo! generator, and a nos:2ie for spraying the aerosol 



It is possible to provide a dlsintegi^ting machine, between above described aerosol 
generator an^ the above described no22te> which disintegrates the aggiomeraiion of the above 
described cohiposlte fine parScles in the aerosoi and/or a cJassifier which classifies the above 
described composite fine partlcies m the above described aemsol. 



Additionally, ftps also possibte to provide a distortion imparting unit which impresses 8>e jntemal 
dtetc^ion to tbb brittl© matef la! fine partfcies or ths composite fine paftides. 



{Embodiment of the Invention] 
Example 1 

There was prepared foeforetiand the mixed powder composed of the aluminum oxide fme particle 
powder of 0.4 ; .mu.m m average partteie mze with the distortion irnparted by a pianetary mil! and 
the silicon cx^de fine particle powder of 0.5 .mu.m In average particte size mth the dtetortion 
simiiariy imparted by a planetary mill and with this powder, a structure body was formed on an 
iron substrate: hy means of the uitfa-fine particles beam deposition method. FIG 1 shows the 
iilustfation drawing of the used uStra^Sne particies beam deposition metiiod, FIG. 2 shows the 
structure body surface SEM photograph taken immadiatefy after the formation. FIG. 3 shows the 
f esuits of y^e etemeni distnijutJon of aiuminum, silicon, and oxygen in Ms iocation measured by 
an EPMK 



FIQ. 1 shows apparatus 10 for manufacturing a composite structure body, in which apparatus a 
nitrogen gas cyiinder 101 is connected^ through a carrier pipe 102, to an aeroso! generator 103, 
a disintegrating machine 104 m arranged at a posiion downstream marsof, and a classifier 105 
Is arranged at a postion further downstream thereof. A nozzte 107, arranged in a structure body 
fomiatjon chamber 108, \b armnged at one end of the carrier pipe 102 oommynicatively 
connecting iNbse afeove described devfees, in finont of the opening of the nozzie 107, there Is 
arranged a su&strate 108 made of iron which is mounted or^ an XY stage 109, The sfe^uctyre body 
fomiation chamber 106 Is connected to a vacuum pump 11 0> The aeroso! generator 103 stores 
intemaily tt^e mixed powder composed of the aSuminum oxide ffne panicles and silicon oxide 
fine particles. 

Descnption is; made below of the operation of the apparatus 10 for manufeotunng a oomposite 
structure body which apparatus comprises the above described oonfiguratton. The mixed powder 

is preparad by mixing the aluminym oxide fme particles and silicon oxide fine particles both 
imparted the;mternal distortion by puiverizing baforahand with a pianetajy rrm that is the 
distortion imparting unit unshown tn the figure, and the mixed power is put into the aerosoi 
generator 103, The nitrogen gas \s mtro<im04, from the nitrogen gas cylinder 101 through the 
earner pipe 1:02, Into ifiB aerosol generator 103 charged with the mixed powder 103a, and the 
aerosol generator 103 is operated to generate the aerosol containing the aluminum oxide fine 
paiticles and 1 silicon oxlda fine partlcies. The fine paftictes in the aerosoi are agglDmerated to 
fomn the secondary particles of about 100 .mu>m, which are introduced through the earner pipe 
102 Into the iSislntegrating machine 104 to fee oowerted to the aerosol containing Bie prim^fy 



paiticJes in a ikrge fraGiion, TM aerosol is thereafter intfoduced into the ciassifier 105 to remove 
tha coarse sdcondary parltetes in the aerosof remaining undjsintegratad by the dtsmtegrating 
machine 104 J so that the aemsof Is converted to the aerosol fur^er enrichad in the primary 
particies, and then guided out therefrom. Then, the aerosol is sprayed at a high speed against 
the substmte ;1Q§ from the nozzle 107 arranged m the structure body formation chamber 106> 
White bombardmg the aeroso! against the substrate 108 amnge^ in front of the mzz\e 107, the 
substrate lOSiis fluctuated with an XY stage 109 to form a thin fiim structure body over a certain 
area on the isubstrata 108, The structure body formation chamber 106 is placed in an 
environment with a reduced pressure of about 10 kPa provided by a vacuum pump 110, 



8y doing above, a dense composite structure body was formed, in which stmcture body the 
etementai ratio between afemmum and siljcoo was 75% and 2S%. in these results, the 
crystaiiites of HOQ nm or !ess are dispersed independently with no orientation condffion, and no 
solid soiution ilayer composed of aluminum oxide and silicon oxide has been confirmed in the 
vidf^ity of the Interface, Additionally, the anchor layer portion was formed in the interface between 
the composite structure body and the substrate 105 by bombardment Impact of mixed powder 
fine particies to substrate 108. 



jnddentaiiy, 4mong the above described s^ucture body formation pmcesses, the aerosoi 
generator 10$, disintegrating machine 104, and classifier 105 may be either of the separated 
type or of the Integrated type. When the performance of the disintegrating machine is sufficientiy 
satisfactory, no ciassffjer is needed, Additionaily, as for the miil pufverization of two types of fine 
particies, the tntli pulverization may be conducted with the powder mixed beforehand, or the two 



types of fine 



particies may be puiverfeed separately for each type, and then mixed together 



When the reispective fine paiticies are extremely different In hardness^ the composite fine 

particles may; be prepared as foitows: the mM pulmnzation after mixing impresses the internai 
distortion and simyltaneously cnjshes the softer fine particles, and the crushed softer ftne 
particlas ooati the surface of the hafxjer fine particles. \n other words, this case leads to the 
structure body formation based on the composite fjne pafticles. Of course, it is possible to apply 
the composite fine pajticles prepared by some another method to this apparatus for 
manufectunng a composite structure body formation; the composite fine parlicles can be 
prepared beforehand not oniy by the mill puiverization but also by a variety of methods such as 
the PVD, CVi|^, plating, sol-gel methods, and the tike. 



It is praferBbie that the composition of the structure body can be oontroiied without restraint 
because the ^ype of the brittle material fine particJee Is not limited to two types, but many types 
can be easily mixed together and the mixing ratio can be optionaiiy specified. This is afso the 
case for the pomposite fine particles. The gas used is not iimited to nitmgen gas, but can be 
arbitrarily ergbn, helium, or IJie like; it is possible that the oxygen concentration in the sftiictufe 



body Is varied! by mixing oxygen with these cited gases. 



Exampie 2 



FIG 4 shows the Example 2 of apparatus for manufacturing the composite sfructurs body; in the 
apparatus 20 ifor manufacturing the composite structure body, argon gas cylinders 201a, 201b 
am connected, through carrier pipes 202a, 202b, respectiveiy to aerosol generators 203a: 203b, 
disintegrating i machines 204a, 204b are arranged at ferther downstream positions, classifiers 
20$a, 205b ;are arranged at further downstream positions, and aerosot concentration 
measurement; Instruments 206a^ 206b are arranged at further downstream positions. The carrier 
pipes 202a, 2p2b communlcattveiy connacting tfiese are mergad at positions downstream of the 
aerosol concentration maasurement Instruments 206a, 208b, and communicatively connected to 
a no2:zle 208 arranged in a structure body formation chamber 207. 



In front of the opening of the nozzie 208, there is arranged a metallic substrate 209 mounted on 
an XY stage 210. The structure body formation chamber 207 is connected to a vacuum pump 
211. Additionally^ the aerosol generators 203a, 203b and the aerosol concentration 
measurement: instruments 206a, 206b are wired to a controller 212. The aerosol generators 
203a, 203b store internally fine particles of difSerent types of btfttle materials of the order of 
0.5 ,mu,m in average particle size. 

Description isi made beiow of the operation of the apparatus 20 for manufacturing a composite 
structure body which apparatus comprises the above described configunation. The brittle 
materia! fine particies, both imparted the interna! distortion by pulverizing beforehand with a 
pfane^ry mil!;;tiat is the distortion imparfing unit unshown in the figure, are nespectively put into 
the aerosol generators 203a5 203b, Then, the valves of the argon gas cylinders 201a, 201b are 
opened and the respective argon gases are introduced into the aerosoi generatof^ 203a, 203b, 
through the carrier pipes 202a, 202b. Receiving the contrQl of the controller 212, the aerosoi 
generators 2S3a, 203b operate to respectively generate the aerosols. The fine particles are 
agglomerated in these aerosols to form the secondary particles of the order of 100 .my .m, which 
are introduced into the disintegrating machines 204a, 204b and are converted to the aerosols 
enriched in the primary particles. Subsaqoently, the aerosois are introduced into the classifiers 
205a, 205b to remove the coarse secondary panicles in the aerosols remaining undisintegrated 
by the disint^rating machines 2043^ 2D4b so that the aerosols are converted to the aerosols 
furtiier enrichbd In the primajv particles, and then guided out therefrom. Then, these aerosols 
pass mrcughi the aerasol concentration measurement instruments 206a, 206b, where the fine 
particle concentrations in the aerosols are monitored, and then are merged and sprayed at a 
high speed against the substrate 209 from the nozzle 207 an'anged in the structure body 
fom^ation chamber 209. 



The sui^trat^ 209 is flucituated v^h the XY stage 210, and accordingly by va«ying the 
bombardment position of the a^^rosoi agaShst the substrate 209 from moment ta moment the fine 
particles are boml^aJxSed against a wide area on tl>e substrate 20S. The brittle materiaJ fine 
particles 213ai. 213b are cruished or distorted when colliding, and these particles are Joined to 
form a dent^e structure body in which tie crystals of different types of brittle materials are present 
as independently dfspmed wiit^ the crystal stee not larger than the average particie of tt^e 
primary particles, namely, wittt the nanometer size, AddiSonaily the interior of the structure body 
formation charnbar 211 is evaoual^d with the vacuum pump 211 > and tiie Internal pressure is 
controlied to t^ke a c^jnstant vaiue of Bboui 10 kPa. 



Thus, on the substmte 209 is formed the structure body in which different types of bnttie 
matanafs are dispersed; in this case the results montored on the aerosol concentration 
measurement instrument 206a, 206b are analyzed by the controlfer 212, and fed back to the 
aerosoi genefat^^rs 203a> 203b, to control the generated amount and odncantration of the 
aerosol m that the abundance ratios of the different types of brittle ma^rials m the structure 
body can be controlled either to be constant or to be inclined. In the case where such inclined 
materials are lmanufactured, the abundance ratios are easliy varied either along the deposition 
height direction or the abundance distributions are easily varied along the surface direction of the 
substrate 20Si, in conjunction with the XY stage. Additionally, it is aiso possible to form a structure 
body by spmying a piuraiity of types of aerosols, without being mefged: through separate 
nozzles. In this case, there is obtained a structure body composed of a thin deposited layer; and 
the jnclinatsDn generation Is easily earned out by controlling the thickness. Additionaiiy, the fine 
particiss stored internally in the aerosol generators may be either composite fine particles or 
mxmd Ime particles of a plurality of brittle materials; there only have to be chosen the internal 
stoi^gs modes suitable for achieving the target structure of the structure body. The gas 
composition is also optional 



lEffect of the inventioni 

As described iabove, the composite structure body invoived in the present invention can proylij^ 
a novel material having properties that cannot otherwise be provided, because in the composite 
staicture body, more tfian one types of brittle materials are combined to form a composite 
material at the nano level size. 



Additionaiiy, according to the method for manufacturing the composite structure body involved in 
the present invention, not only the ^fm type but also arbitrary, 3-dimen$iona! shaped composite 
structure bodies can be manufactured, so ihmt the application of these structure bodies can be 
extended to all ^elds. 



Furthermore, m the formation of the composite structure body on a substrate, it is possible to 
choose arbitrary substrates because the processes Snvoived are conducted at tow temperatures 
{about room temperature), but are not involved in heating, sintering, or the like. 



[Brief Descriplion of Drawings] 



FIG 1 shows a diagram iilustrating an apparatus for manufacturing a structure body in Example 
1: 

FIG 2 Shows the SEM image of a structure body composed of aluminum oxide and silicon oxide; 

FiG 3 shows the photographs displaying the results of the element distribution measurement fay 
an EPMAof afuminum, silicon, and oxygen; 



FIQ 4 shows a diagram illustrating an apparatus for manufacturing a structure body in Example 
2: 



[Expianation of referencesl 

10 -'Apparatus for manufacturing the composite structure body, 101 -Gas cylinder, 102 - Carrier 
pipe, 103*"Aerosol generator, 1 04-* •Disintegrating machine, 106 —Classifier, 106- -Structure 
body formation chamber, 107^* Nozz!e, 108*- Substrate, 109 ' XY stage, 11 0*- Vacuum pump, 
20- " Apparatus for manufacturing the composite structure body, 201a, 201 b -Gas cylinder, 202a, 
202b^ Carrier ppe, 203a, 203b* - Aerosol generator, 204a, 204b ' -DisintegrBting machine, 205a, 

205b' •Classifier, 206a, 206b- ■Aerosoi concentration measurement instrument, 207 Structure 

body formation chamber, 20S''^Nozzle, 209-^^ Substrate, 21 O^-^XY stage, 2tV''Vacyum pump, 
213a. 213b " Brittie matenals 
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[Name of Document] ABSTRACT 
[Summary] 
{Object] 

A struciui^ body composed of more than one types of brittie materials is prepared with 
no heating or firing process, and has novel propertjes. 



ISolving means] 

A structure body having the constjtutjon in which the crystals of more than one types of 
brittle materials such as ceramics, metailoids, and the like are dispersed, the portion composed 
of the bnttle niatenais is polycrystaiiine, the crystals constituting the poiycrystayine portion 
substantiaily lacks the crystalline orientation; and the boundary layers composed of glassy 
substances are substantially absent in the boundary fece between the crystafs. 



[Selected Figure] 
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